Validation of Accessory Pathway Potentials. Four pacing maneuvers have been proposed to validate an anterograde accessory pathway potential (APP): (1) atrial pacing to induce complete block between tbe atrial electrogram and tbe APP; (2) ventricular pacing to advance the APP witbout altering tbe timing of tbe atrial electrogram; (3) atrial pacing to induce complete block between (he APP and tbe ventricular electrogram; and (4) ventricular pacing to advance the ventricular electrogram without altering tbe timing of tbe APP. The purpose of tbis study was to assess these validation techniques by applying them to electrograms that simulated APPs but whicb were known to be atrial in origin. In 32 patients undergoing un electropby.siology procedure, a .split atrial electrogram containing two components separated by at least 30 msec (mean 54 ± 15 msec) was recorded. Using an atrial extrastimulus tecbnique, complete block between tbe two components of the atrial electrogram (criterion 1) could never be induced, but complete block between tbe second component of tbe atrial electrogram and tbe ventricular electrogram (criterion 3) consistently was induced. Using a ventricular extrastimulus tecbnique, tbe second component of tbe atrial electrogram consistently could be advanced by W to 40 msec without altering tbe timing of the first component (criterion 2). In addition, witb ventricular pacing, tbe ventricular electrogram consistently was advanced without altering tbe timing of tbe two components of tbe atrial electrogram (criterion 4). In conclusion, among the four pacing maneuvers used to validate an anterograde APP, the only one tbat may be specific for an APP is tbe ability to induce complete block between tbe atrial electrogram and tbe
Introduction
Accessory pathway potentials can be recorded in the electrophysiology laboratory and have been used to elucidate the anatomy of accessory pathways and to identify target sites for catheter ablation of accessory pathways.' '^ However, a local atrial or ventricular electrograin may contain multiple components, one or more of which could be mistaken for an accessory pathway ptotential.
Four pacing maneuvers have been proposed for validating an accessory pathway potential hy demonstrating that it is not part of the atrial or ventricular electrogram (Fig. I )'^: (1) atrial pacing to induce complete bUx:k between the atrial electrogram and the accessory pathway potential; (2) ventricular pacing to advance the accessory pathway ptHential without altering the timing of the atrial electrogram; (3) atrial pacing to induce complete block between the accessory pathway potential and the ventricular electrogram: and (4) ventricular pacing to advance the ventricular electrogram without altering the timing of the accessory pathway potential. The specificity of these pacing maneuvers has never been evaluated. Therefore, the purpose of this study was to assess the specificity of these validation techniques by applying them to split eleetrograms known to be atrial in origin.
Methods

Patient Characteristics
The subjects of this study were 32 patients who underwent an electrophysiology procedure at the University of Michigan Medical Center. The selection criteria consisted of the presence of a split atrial electrogram in the right atrium and, in the subjects in whom ventricular pacing was performed, a ventriculoatrial block cycle length shorter than 500 msec. The 32 subjects in the study were selected from a group of 50 patients who were screened. There were 22 women and 10 men (mean age 43 ± 17 years). None of the patients had structural heart disease. The clinical indication for the electrophysiology procedure was radiofrequency ablation of atrioventricular nodal reentrant tachycardia in 20 patients, accessory pathway ablation in 8 patients, and a diagnostic electrophysiology test in 4 patients.
Electrophysiologic Testing
The electrophysiology procedures were performed in the fasting state after informed consent was obtained and after ail antiarrhythmic medications had been withheld for at least five halflives. Three quadripolar electrode catheters were inserted into a femoral vein and positioned in the right atrium, across the tricuspid valve to record the His-bundle electrogram. and in the right ventricular apex. Leads V,, I, II, and III and the intracardiac electrograms were displayed on an oscilloscope and recorded on paper at 1 (X) mnVsec with a Mingograph-7 recorder (Siemens-Elema, Solna, Sweden). Programmed stimulation was performed with a programmable stimulator (Bloom Associates, Reading PA, USA).
Study Protocol
The study protocol was performed upon completion of the clinically indicated portion of the electrophysiology pRx:edure. In the patients who underwent an ablation procedure, the study prot(x:ol was performed after successful ablation, during the 30-minute waiting period to confirm a successful outcome. A quadripolar electrode catheter with a 2-mm interelectrode spacing for the distal pair of electrodes was used to search for a split atrial electrogram that had two components separated by an isoelectric segment in the high or midlateral right atrium or in the right atrial appendage. The electnigrams were filtered at a bandpass of 50 to 500 Hz and recorded at a gain of 40 to 80 mm/mV. Sixteen patients underwent ventricular pacing maneuvers and another 16 patients underwent atrial pacing maneuvers.
In the patients who underwent atrial pacing maneuvers, an electrode catheter was positioned against the high lateral right atrium, superior to the catheter being used to record the split atrial electrogram. Using basic drive trains of eigbt beats at a cycle length of 400 to 600 msec, diastole was scanned with a single atrial extrastimulus in decrements of 10 msec to the point of atrial refractoriness, in order to assess criteria 1 and 3 (Figs. IA and IC).
In tbe patients who underwent ventricular pacing maneuvers, an electrode catheter was positioned against the high lateral right atrium, superior to the catheter being used to record the split atrial electrogram. Continuous atria! pacing was performed at a cycle length 50 msec shorter than tbe sinus cycle length in order to eliminate variability in the atrial cycle length. Diastole was then scanned in IO-msec decrements with a ventricular extrastimulus introduced every fifth cycle. This maneuver allowed assessment of criteria 2 and 4 (Figs. IB and ID).
Data Analysis
Values are expressed as mean ± SD. Comparisons were perlbmied using tbe Student's paired /-test. A P value < 0.05 was considered statistically significant.
Results
Criterion I
Criterion 1 could not be demonstrated in any patient. Atrial extrastimulus testing resulted in an increase in the interval between the two components of the split atrial electrogram from a mean of 50 ± 14 msec to 77 ± 21 msec (P < 0.005), but complete block between the two components of the electrogram was never induced (Fig. 2) .
Criterion 2
Criterion 2 was demonstrated in every patient who underwent ventricular extrastimulus testing. With appropriately timed ventricular extrastimuli that conducted retrograde through tbe atrioventricular node, the second component of the split atrial electrogram was advanced by 10 to 40 msec without altering the timing of the first component (Fig. 3) . The mean interval between the two components of the split atrial electrogram was shortened from 55 ± 15 msec to a minimum of 34 ± 16 msec (P < 0.005).
Criterion 3
Criterion 3 was demonstrated in each of the 16 patients in wbom atrial extrastimulus testing was performed. At the effective refractory period of the atrioventricular node, there was block between the second component of the split atria! electrogram and the ventricular electrogram (Fig. 4) .
Criterion 4
Criterion 4 a!so was demonstrated in every patient in wbom ventricular extrastimulus testing was performed. A ventricular extrastimulus !ate in diastole consistently resulted in advancement of the ventricular depo!arization recorded in the rigbt atrium by 25 to 50 msec without altering the timing of the two components of the sp!it atrial electrogram (Fig. 5) .
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Figure 2. Evaluation of criterion 1. Shown are leads VI. I, and 11, a split atrial electrogram recorded in the high right atrium (HRA), and an electrogram recorded from a pacing catheter in the HRA. The split atrial electrogram consi.sts of two components (A and A'): note that A' simulates an accessory pathway potential. Scanning diastole with an atrial extrastimuius (S2) in 10-msec decrements to the point of atrial refractoriness resulted in an increase in the A-A' interval from a baselitie value of 35 msec to a maximum of 80 m.sec. However, complete block between A and A' could not be induced in this or any other patient in whom this maneuver was evaluated.
Discussion
Validation ofAecessory Pathway Potentials
Because an accessory pathway potential occurs before the onset of the QRS complex and ventricular electrograms recorded near the tricuspid or mitral annuius usually do not, it is unlikely that the first component of a split ventricular electrogram would occur early enough to simulate an accessory pathway potential. On the other hand, the second component of a split atrial eiectrogram recorded near tbe tricuspid or tnitrdl annulus could easily simulate an accessory pathway potential. Therefore, validation criteria for accessory pathway potentials are necessary. The pacing techniques that have been used to validate accessory pathway potentials bave been intended to demonstrate that the depolarization in question arises from a different anatomic structure than do the local atrial and ventricular depolarizations.'T he results of the present study demonstrate that among tbe four pacing maneuvers that have been used to validate anterograde accessory pathway potentials, the only one tbat may be specific for an accessory pathway potential is tbe ability to induce complete block between the atrial electrogram and the accessory pathway potential. Tbe other three criteria can be consistently demonstrated with a split atrial electrogram and, therefore, should not be considered specific for an accessory pathway potential. In particular, the ability to advance a depolarization witbout altering the timing of a closely preceding depolarization (criterion 2) does not indicate that tbe two depolarizations arise from different anatomic structures. Although the two depolarizations undoubtedly arise from different myocardial cells or groups of cells, the results of this study demonstrate that two depolarizations arising from the same anatomic structure, i.e., the right atrium, can be dissociated from each otber.
Split Atrial Potentials
The split atrial potentials recorded in the patients in this study provided an ideal model for testing the specificity of validation criteria for accessory pathway potentials because they closely simulated the appearance of accessory pathway potentials and yet were recorded at sites several centimeters from the tricuspid annulus, assuring that they were, in fact, atrial in origin. Although the mechanism of these electrograms is not clearly established, many of the split atrial electrograms used in this study were recorded in the high lateral right atrium, suggesting a relationship to the crista terminaiis; for example, it is possible that the crista lerminalis resulted in discontinuity in local atrial activation. However, several of the split atrial electrograms were recorded at sites away from the crista terminaiis, indicating that other mechanisms also were oper- 
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Figure 3. Evaluation of criterion 2. Shown are leads VI. I. and II. a high right atrial electrogram (HRA). a split atrial electrogram recorded in the high right atrium (HRA), a righl ventricular electrogram (RV). and lead III. Note that the second component of the split atrial electrogram (A') .simulates an accessory pathway potential. The RA was paced at a cycle length of 655 msec, and a ventricular extrastimulus (SV} was induced in diastole. The coupling interval of ihe ventricular extrastimulus was .shortened in 10-msec steps until the .second component of the split atrial electrogram (A'), but not the first component (A), was advanced. The intervals between consecutive first and second components (A-A and
Conclusions
The results of this study demonstrate that the only pacing maneuver which may be helpful in validating an anterograde accessory pathway potential is atrial pacing that results in conduction block between the atrial electrogram and the presumed accessory pathway potential. However, although this criterion was never met with the split atrial electrograms recorded in this study, the possibility that complete block between the two components of a split atrial electrogram occasionally might be inducible cannot be ruled out. In regards to the three other pacing maneuvers that have been used for validation of anterograde accessory pathway potentials, these are nonspecific and may not be helpful in distinguishing an accessory pathway potential from a component of a split atrial electrogram. It may be that the most reliable criterion for validation of an anterograde accessory pathway potential is its presence during preexcilation and its absence when there is not preexcitation.'
